This study made an attempt to acquire information on water availability and assess the drinking water quality level of Bagmati river corridors. It identified the different modes of water supply sources and then examined drinking water quality in 37 squatters and 5 indigenous communities which consists 3693 households within Kathmandu Valley. To assess the state of drinking water quality at sources and points of use (POU), the standard water quality indicators were obtained through different parameters. 90 representative water sources' samples for testing the water quality at point of use were carried-out through random sampling of households in the communities. The survey was conducted by visiting each community and gathered information through key informant interview (KII) and questionnaire survey in May that is, pre-monsoon season of the year 2015. The result shows that the maximum samples of the water consumed in the squatter settlements are poor in quality and unhygienic for drinking proposes which does not meet National Drinking Water Quality Standard-2006. Out of 90 source sample, 81 source samples are contaminated in one or many forms. Tube well source has been found contaminated both in biological and chemical form. Tanker source is also emerging as the second major water supply source supplying to a large number of households consists with coliform, and has been noticed in almost all type of sources. P/A vial test concludes that even Jar water, which is considered to be most pure and safe, is contaminated with coliform bacteria. 68% people are willing to pay higher cost for good quality water; so, it is recommended that water samples of every season should be tested even if it makes production cost higher. Water quality regulator should provide awareness program about maintenance of the minimum quality standards (MQS) of drinking water.
INTRODUCTION
Access to safe drinking water supply is fundamental to improve public health and to meet national poverty reduction objectives. Water supply services delivery in most urban areas within Kathmandu Valley is poor and inadequate (MOUD, 2014). The situation is even worse in slum and squatter settlements (Desar, 2013) . Several government organizations and local bodies are working in this sector but are not being able to show significant improvement. The government of Nepal remains fully committed to provide basic level of water supply and sanitation service to all by 2017 acknowledging it as a fundamental human need and basic human rights (Nepal-WHO Country Cooperation Strategy, 2018) . It has also envisaged a need to improve the basic level of water supply and sanitation services to medium and higher level to all by 2027 (MOUD, 2014) . However, the provision of basic water supply and sanitation services for squatters and slum dwellers, the poor and marginalized group has largely been neglected.
Kathmandu city is facing a rapid population growth and the incensement of number of homes to many slum and squatter settlements (Dahal, 2011) . There are 40 squatter and 5 indigenous settlements in the Kathmandu valley (GTZ and Lumanti, 2008) . Another survey conducted by LICSU, KUKL in 2008 identified that there were 39 squatter settlements and 137 slums in the Kathmandu Valley, where a population of 40,237 live in 8,846 households. Of these, 22% had no access to piped water supply, and none had adequate sanitation (KUKL, 2015) . They are facing acute problems of water in terms of quality and quantity (Acharya, 2010) .
Although, many studies including Acharya (2010) , Dhakal (2011), Little (2012) , Desar (2013) have been carried out in the past it does not present water quality information of squatter settlements. WHO (2004) has remarked that microbial hazards continued to be the primary concern in both developed and developing countriesincluding Nepal. Hence, accurate and updated information is essential to develop and implement plans and programs for their efficient management. A few studies like Toffin (2010) , Shrestha (2013) etc… in the past have identified the squatter settlements in the valley and provided their basic data, but there is a need to update this information from time to time. This paper contains information on water sources and its drinking water quality at squatter settlements in Kathmandu Valley.
The main goal of this study is to map the water sources and assess its quality at squatters and indigenous settlements along Bagmati River and its tributaries in Kathmandu Valley. During the study, numbers of assumptions were made in the light of the fact that ideal situation to carryout study is very difficult to achieve. Shallow well water in near proximity has more or less similar quality because ground water does not change its character in small areas. Tube wells in near proximity extract same groundwater as ground water storage is mostly huge enough and they are able to supply water for larger areas and hence a community withdraws same quality of water. Pipe supply along the community from same source has same quality because it is difficult to predict the contamination due to foreign substances in near areas. The study has determined the quality of water only in pre-monsoon season. Other seasonal variances in the quality are not considered and it is limited to squatter settlements and indigenous settlements of Kathmandu valley only.
MATERIALS AND METHODS
The study is based on primary source collected through key informant interview. However, secondary data was also used from different published and unpublished sources. To assess the state of drinking water quality at sources and points of use (POU), the standard water quality indicators were obtained through different parameters on the basis of National Drinking Water Quality Standard-2006 (NDWQS, 2006 . Testing was done to characterize water quality and determine if there is any variability in the same source over different settlements at time of observation.
Data and sample selection

Identification of squatter settlements
The studied squatter settlements were selected based on the study report "Status of Squatter Communities along Bagmati River and its tributaries in Kathmandu Valley-2008" published by Lumanti and GTZ. The geographical map of the studied area was prepared using Google earth and Google map. Table 1 shows the names of the rivers and nearby squatter settlements.
Questionnaire survey
A set of questionnaire and geological map of the study area was developed in order to get the required information. The questionnaire as well as the study methodology was finalized in consultation with WaterAid Nepal. The survey team then visited each community and gathered information through key informant interview (KII). People who were knowledgeable in community issues such as community leaders, ward office personnel, community club leaders, women groups, local kiosks were selected as key informants. At least one respondent out of 50 households were interviewed based on the prepared questionnaire to gather sufficient information regarding water source. The sources were identified and mapped in Google map.
Sample selection
The types of sources were then ranked based on the number of households dependent on that source type. The major and the second alternate source type for that community were identified based on the first and second ranking respectively. The feature of Google Earth like Show Elevation Profile and Measure Area were used to plot elevation profile of the ground, probable effective area of the source types, etc. Representative samples were chosen from these source types assuming sources having similar elevation and ground water table have similar water qualities. Samples for testing water quality at point of use were carried out through random sampling of households, in communities where water supply through pipeline or sealed jar were available. To developed the methodological framework, this study proceeds the following six steps as (i) preparation of geographic map (ii) marking boundary of the area and subdivide area into quadrants (iii) locating the sources (icons with names) (iv) drawing lines for profile (longitudinal line inside the area) (v) drawing circles from sources to find out near features (Red Circle of well of 30 m radius touches the river) and (vi) collect samples of sites predefined from desk work study. The chart and picture (in Figure 1) is an example of the process of selection of sample with the help of Google Earth and excel. The map (in Figure 1) shows the Bansighat settlement, near by the Manohara River. The sample selection was done based on the map using the methodology discussed. Different features were shown in the figure like green line polygon which denotes the area of study. Different types of place marks to represent the type of sources. Line feature along the shallow well place mark (W) represent the ground profile line. And red colour circle represent the radius drawn of the well source to check the radius of possible contaminating sources. The icons labelled with T are the possible source for sample collection. All the water sources were mapped in Google map with the help of questionnaire survey. Superimpose different sources found representative source based on geography and other technical parameters like water table, tube well nature, pipe source and contamination. Escherichia coli test was also conducted in the sources which were nearby river site as there are high chances of contamination due to the river pollution. The graph shows out of 16 sources only 5 sources were selected as a sample. Two was from tanker supply, two was from tube well and 1 sample was selected from well.
Water quality assessments parameters
For water quality assessment the essential parameters recommended by NDWQS for drinking water purpose were considered. Most of the parameters are those that will effect adversely on the health with the lack or excess of it beyond NDWQS standard. The required parameters were chosen in such a way that every sample would represent the true nature of the water. The most essential physical, chemical test were done for all types of water sources like public stand post, tankers water source, tube well etc. The shallow wells that are prone to the faecal contamination were additionally checked for E. coli count along with the coliform presence/absence test. In case of water quality test for PoU, only P/A vial test and functional residual capacity (FRC) test were carried out. As like Kannel et al. (2007) , Aryal et al (2013) and Gautam et al. (2013) , the following parameters were tested for water quality assessment of water sources: (i) Physico-chemical parameters: 1. Electrical conductivity 2. pH 3. Turbidity 4. Colour 5. Temperature 6. Iron 7. Ammonia 8. Nitrate 9. Total Alkalinity 10. Total Hardness 11. Chloride 12. Calcium Hardness and 13. Magnesium Hardness and (ii) Microbial parameters: Coliform and E. coli.
Data analysis
This study is based on simple descriptive studies in which sophisticated statistical and econometrical tools have not been incorporated to analyse the outcomes. The gathered field information was entered into a customized database in a Microsoft Excel and spread sheet database were analyzed in Google earth. The paper is limited on measuring the quality of drinking water through Physio-chemical and Microbial parameters. However, this study can be extended for getting the information about willingness to pay (WTP) for improved drinking water to measure social welfare level in the study area. Contingent Valuation Method (CVM) would be one of the water users. Due to changes in income of water users or prices of water, consumer may be either better off or worse off. So, we can measure and examine ideal welfare when there is a fluctuation in willingness to pay in the study area.
RESULTS AND DISCUSSION
The study has been carried out in 37 squatters and 5 indigenous settlements. Some previous existing settlements "Dhumbarahi, Golfutar, Kialphat and Saranpur" were no more exists there and one new settlement has been identified named "Pauraki Basti" located at Bagamati river side, Thapathali. The population growth in the study area has been substantially increased from 2700 house hold to around 3700 house hold in the past seven years.
Water sources and household dependency
The survey has identified the different source types (such as pipe water, tanker, tubewell, well, stone spouts, public stand posts and jar water) as well as the number of each type of sources used by the communities in the study area. It has been found that the tube well source outnumbers all other sources. The total 1305 tube well sources are identified followed by 1101 Jar water, 56 well, 51 tanker, 33 public stand posts, 17 pipe and 12 stone spout. The households depends on the mentioned sources are 2128 (35%) on tube well sources followed by 1129 (19%) tankers, 1101 (18%) Jar waters, 645 (11%) public stand posts, 418 (7%) pipe, 391 (6%) stone spouts and 263 (4%) well sources respectively. This figure shows the water consumption pattern of the overall community. Based on this information further studies have been carried out such as number of sources to be tested of particular type. From this, tube well is found to be used hugely which is also the potentially vulnerable source of contamination among all other sources.
Drinking water treatment mechanism
It has been found that 59% of the households are using simple candle filter as water treatment mechanism. The second most popular treatment mechanisms are boiling (13%), followed by using bleaching powder or chlorination (4%). It was found that 24% of the households did not use any form of treatment mechanism. Results highlights that the water quality at squatter and indigenous settlements of Bagmati river corridors matters a lot in their health. As large number of settlement HH consumed water without taking full precautions, they are vulnerable from the water contamination.
Water sources and quality
Almost all communities are depending on a variety of sources for water. Tanker water supply and sealed jar water has been emerging as a new alternate source where municipal water supply and ground water is not sufficient. The settlements which belong to Bagmati River side are more dependent to tanker water. The sampled water collected from the study area was found both (i) Physico-Chemical Parameters and (ii) Microbial parameters. The details of the water quality are given in Annex Table 1 . 
Willingness to pay for quality water
People are increasing concerned about their health and their interest in the safety of drinking water has been increased (Kwak et al., 2013) . Beaumais et al. (2014) in their study observed higher willingness to pay for better tap water quality in the countries with the highest percentage of respondents being unsatisfied with tap water quality because of health concerns. Our survey result shows that 68% people are willing to pay higher cost for good quality water. It indicates those people living in squatter and indigenous settlements of Bagmati River corridors are aware about water related health and other issues including water borne disease. It is similar with the result from Khan et al. (2011) which states people living with squatter area are willing to pay much higher than their current monthly bill charged.
Analysis of water quality assessment results
The results achieved through the water quality assessment of the samples are discussed in subsequent headings. 
Turbidity
Turbidity is the cloudiness or haziness of a fluid caused by large numbers of individual particles that are generally invisible to the naked eye, similar to smoke in air. The measurement of turbidity is a key test of water quality. In drinking water, the higher the turbidity level, the higher the risk that people may develop gastrointestinal diseases. This is especially problematic for immune compromised people, because contaminants like viruses or bacteria can become attached to the suspended solids. From the test, around 18% (16 out of 90 samples) have turbidity level higher than safe level ( Figure 2 ).
Iron
Large amounts of iron in drinking water can give it an unpleasant metallic taste. Iron concentration is most commonly problematic in underground sources. As described above, around 30% (33 numbers) of the total samples contain concentration iron higher than national standards. Most of the samples which contain high iron are from tub wells. Among them 50% (15 numbers) samples had such high concentrations that it would be difficult to bring under limitation of NDWSQ if the treatment process is installed (Figure 3) .
Ammonia
Ammonia is a chemical substance that is made by humans and by nature. The amount of ammonia manufactured every year by humans is almost equal to the amount produced by nature every year. However, when ammonia is found at a level that may cause concern, humans likely produced it either directly or indirectly. Ammonia is a corrosive substance and the main toxic effects are restricted to the sites of direct contact with ammonia (that is,, skin, eyes, respiratory tract, mouth, and digestive tract). Some people who use water-containing ammonia in excess could experience irritating effects to their eyes and nose, stomach discomfort and even cause cancer. Most of water sources in which high ammonia level found is from tube well and well. About 30% (32 numbers) of samples have excess of ammonia (Figure 4 ). 
Nitrate
As shown by the graph, the excess nitrate is not observed in much sample. About 10% of the samples (7 numbers) have been found to have high nitrate concentrations. Nitrate has been found mostly in tube well and well sources. In one pipe supply source has also noticed high concentration nitrate located at Bishnumati river side, Hyumat (Figure 5 ).
Coliform
The presence of faecal coliform in drinking water is an evidence that human or animal waste has been or is present. This may be cause for concern because many diseases can be spread through faecal transmission. The presence of some faecal material in lakes, ponds and rivers is to be expected as part of the environment in which we live. In drinking water, presence of any coliform is a warning sign that action should be taken. The result shows that 79% (71 samples out of 90 samples) coliform contaminated. And these sources are tube well followed by tanker supply and pipe supply ( Figure 6 ).
E. coli
E. coli is a type of faecal coliform bacteria commonly found in the intestines of animals and humans. E. coli is short for Escherichia coli. The presence of E. coli in water is a strong indication of recent sewage or animal waste contamination. Sewage may contain many types of disease-causing organisms. The number of coliform Figure 7) .
Summary of tests
The number of test samples were prepared to understand the the sample waters statues-whether it is contaminated or in good quality. 
Other tests
Random functional residual capacity (FRC) test
Random FRC test was done for PoU on almost all communities using piped and tanker water assuming they do chlorination for bacteria purpose (shown in Table 3 ). FRC test has been done using FRC test reagent developed by Environmental Conservation Camps for Awareness (ECCA). The FRC value can be observe through colour observation process (Presented in Annex Table 2 ). The result shows test result only 5% of water sources were found to have FRC (Table 4 ). Only in pipe source FRC was found. In one settlement "Bansighat" they are doing regular chlorination of community reservoir tank but found insufficient dosage.
P/A vial test
Along with FRC test, the P/A vial tests have been also done ( Table 5 ). The P/A vial test also concluded that more than 50% of water consumed for drinking through sealed jar water is not good for drinking.
CONCLUSION AND RECOMMENDATIONS
The key motive of the study was to map the water sources and access its quality at squatter and indigenous settlements of Bagmati river corridors in Kathmandu valley. We tested several parameters under the heading of two broad prominent parameters (i) Physico-chemical parameters and (ii) Microbial parameters. From the study it can be concluded that 90% of the water consumed in the squatter settlement is unhygienic for drinking propose which does not meet NDWQS-2006. The major contributing source is tube well. Tube well source has been found contaminated both in biological and chemical form. Tanker source is also emerging as a major water supply source supplying to a large number of households in the study area where municipal water supply and ground water is not sufficient. Coliform has been noticed almost all type of sources. Tube well source has been found most contaminated source in both physic chemical and microbial parameter. The major problem in tube well source is high amount of iron, ammonia, turbidity and coliform. E. coli have been noticed only in well sources and tube well. In tanker source only coliform has been noticed. To assess the quality of water at PoU random FRC test and P/A vial test have been conducted and result shows that there is no presence of FRC in pipe supplied water to prevent from further contamination. P/A vial test concludes that even Jar water, which is considered to be most pure form of drinking water, is contaminated with coliform bacteria. For clear judgement of the quality of water, it is recommended that water samples of every season should be considered and tested. More accurate result would be produced based on that.
(i) The findings already show that 90% of the domestic water usage is contaminated in both biological and chemical way (the health risks are not only posed in the case of drinking water, but also in other domestic usages like washing and bathing), which means majority of people living in this area are vulnerable to health hazards. So it is recommended to concern authority to implement water treatment process in those areas.
(ii) Almost all sources have been found coliform contamination so simple household treatment process such as silver colloidal filter or chlorination could prevent from many water borne diseases as these solutions are cost effective and user friendly.
(iii) In terms of quality assessment most of underground sources such as tube wells and wells has been found more contaminated in both bio logical and chemical form.
Based on its quality treatment plant should be design.
(iv) Tanker source has been emerging as a new source in many settlements where municipal water supply and underground water is not sufficient. Most of the tanker source has been found coliform contaminated. So it is recommended to any one HWTS before consumption.
(v) Awareness level on water quality has been found very poor. Public have concept that sealed water means safe but test result shows sealed jar water with coliform contamination, so necessary awareness program should be conducted so that they will take the steps of preventing themselves.
(vi) Based on the current water quality assessment report, the treatment system for safe quality of water should be studied in the details. To get the water quality of whole year similar kind of study should be conducted in different season such as rainy seasons and dry season as water quality varies season to season In a nutshell, as awareness level found very poor in this area so awareness raising activities on water quality test at house hold level and introduction of house hold water treatment systems (HWTS) is very essential in this area.
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